Santos, L, Gonzá lez, V, Iscar, M, Brime, JI, Fernandez-Rio, J, Egocheaga, J, Rodríguez, B, and Montoliu, MÁ . A new individual and specific test to determine the aerobic-anaerobic transition zone (Santos Test) in competitive judokas. J Strength Cond Res 24(9): 2419-2428, 2010-The main goal of this research project was to design a specific, simple, and noninvasive field test to determine the individual aerobic-anaerobic transition zone in judokas. Our aim was to develop a field test as close as possible to real judo combat. Eight state-and national-level judokas participated in the study. To find the reliability of our test, all subjects repeated the same test under the same conditions within a 7-day period. Because the results were positive, we tested the validity of our proposal using a laboratory test that possessed the same characteristics. On both tests, the same parameters were studied. The mean data obtained in the laboratory test were as follows: maximum heart rate (HRmax): 198.2 6 3.9 bÁmin 21 , HR at the anaerobic threshold: There were no significant differences between the data obtained on both tests in any of the parameters evaluated, except for the lactate maximum. Therefore, we can conclude that our field test is a useful tool for judo training.
INTRODUCTION

J
udo holds a tradition of hundreds of years in Japan, and it has become a very popular sport over the last couple of decades in the rest of the world. Nevertheless, a valid description of its physiological characteristics has been very complicated to achieve because of several reasons: the difficult task of quantifying the effort needed in a combat; the existence of several competitive categories depending on the weight of the athlete; the certainty of a series of effort cycles within a judo combat with a wide range of duration times (from a few seconds to several minutes); the possibility of taking part in several combats during the same day; or the differences between 2 opponents regarding anthropometric characteristics, technical-tactical level, or the specific technical actions performed (10, 31, 41) .
Nevertheless, Verkhoshansky (52) believes that judo combat is a sport that requires a specific resistance capacity because of the variable conditions of its competition. It demands explosive efforts, and the competence to confront exhaustion without reducing effectiveness. Moreover, the competition takes place at a variable or intermittent work rate, and it also has a wide range of complex technical and tactical motor skills.
On the other hand, Pulkkinen (34) considers that the anaerobic energy production system is the primary source of energy production in judo combat. The high levels of lactate found on judokas (2, 47) mean that athletes need to have a good glucolytic energy production system.
Nevertheless, other researchers (48) believe that judokas also need an adequate aerobic system to keep their performance at a high level during a single combat and throughout a complete tournament. The average length of a combat is 7-8 minutes, but the interruptions for penalties force judokas to withstand a longer period of time (28) . Therefore, resistance training has great relevance in judo. The main benefit of an aerobic capacity workout is the improvement of the anaerobic threshold. Wasserman and Mcllroy (53) introduced the idea of a threshold of the anaerobic metabolism: where there is a gradual shift from a fundamental oxidative metabolism to a physiological state with the slight presence of oxygen, that is, anaerobic metabolism.
The aerobic-anaerobic transition zone is a key element for the improvement of the aerobic capacity and the aerobic power. As described before, judo combat demands high levels of both energy systems. The problem is the great complexity of the sport and the absence of specific tests. Physiological analyses of judo combat have 3 big obstacles: imprecise telemetry (the competition is body to body and it creates interferences), nonspecific ergometers to be used in field tests, and an intermittent competition. Different tests have been developed to measure the physical fitness of the judo athlete. The problem is that some of them do not comply with the principles of specificity, individuality, and reproducibility, whereas others raise serious doubts of their reliability (36) .
The goals of this research project were threefold: to evaluate the physical condition of a group of expert judokas, to design a field test to determine the specific and individual aerobic-anaerobic transition zone of judokas, and to create a simple, low-cost, noninvasive, and applicable test.
METHODS
Experimental Approach to the Problem
After considering all the factors mentioned in the Introduction, we designed a working plan with several steps:
First, we tried to find a group of judokas that could fulfill these requirements: (a) There must be one athlete for each official male weight category: 260, 266, 273, 281, 290, 2100, and +100 kg. (b) All subjects must possess black belt Dan 1 (expert judokas). (c) They had to be state champions and runners-up in the under-18, university, and national championships. (d) They must have more than 10 years of experience in state and university championships, and they must have participated in several national championships.
Mostcompetitive judokasthat participate in stateand national championships practice 6 dÁwk 21 during 11 months carrying out technical, tactical, and conditioning workouts. Therefore, research conducted in these subjects could be extrapolated to any competitive judoka. Nevertheless, more tests need to be done to gather more information on the specific metabolic demands of judo combat and be able to help coaches.
Second, we designed the field test based on a deep analysis of judo competition and using the literature mentioned in the Introduction. One goal was to develop a field test as close as possible to real competition. Another goal was to make a field test easy to use, low cost, and noninvasive. Therefore, our test had to be carried out on a tatami (where the competition takes place), with the helpofa second judoka that behaved as a partner, and both subjects dressed in a judogui (judo clothes). To make the test more realistic, the subject had to use his own specific technical actions (the ones that he uses in competition). Finally, the intermittency of judo competition was also considered in the test. Working and resting periods were controlled to match the times that the existing literature indicates (10, 20, 28, 40, 45) . Through all these requirements, the field test was kept as close as possible to real competition, and the special metabolic characteristics of judo combat were attended.
Third, To find the reliability of the test (30), we repeated all field tests under the same conditions (see Table 2 ). Because the results were positive, we activated the final stage of our research project: test the validity of our proposal. We design a laboratory test with the same characteristics as the field test to find out if the results obtained in the field test were valid.
Therefore, the working hypotheses of our research project were 3: (a) If a group of judokas go through a progressive and intermittent effort test in which each judoka uses his or her own individual technique, the physiological response could be representative of the bioenergetic demands of the sport. (b) If the results obtained from the field tests agree with the ones obtained in a similar laboratory test, the reliability of the field test would be proven. (c) If the field test is proven to be reliable, it could be used as a tool to design and assess training protocols.
Subjects
The study was carried out on a population of 8 male competitors. Subjects were informed of the experimental risks and signed a written consent, before the investigation, approved by the Bioethics Committee of the Central University Hospital of Asturias (HUCA, Oviedo, Spain) according to the Declaration of Helsinki.
All subjects were over 18 years of age. Their anthropometrical data are set out in the Results section. The test group consisted of state champions and runners-up in the under-18, senior, and university national championships. They all have had more than 10 years of experience in state and university championships, and all of them had participated in national championships.
In judo, the morphological characteristics of the athlete are very important (21) . Each judoka is included in a specific category according to his or her weight. Our subjects belonged to different categories to avoid the influence of weight on the results of the investigation.
All subjects trained for 11 months completing 2 macrocycles: The first one lasted from mid-August till the end of December, and it was aimed at the state championship. The second one started at the beginning of January and got over at the end of June, and it was centered on national and international competitions. The weekly training program of all the subjects was the same: 5-6 days (90 minutes each session), 3-4 days focused on technical-tactical training, and 2-3 on conditioning improvement. (12, 13) . This type of SPIM test is widely used in a variety of sport specialties (26) . Regarding the 3-minute effort interval, Wasserman et al. (54) did not find any differences when determining the ventilatory threshold between intermittent effort tests with effort steps between 1 and 4 minutes. Besides, Stegman and Kindermann (42) and Stegman et al. (43) recommend a running protocol (using a treadmill) of 3 minutes per step with an intensity increment of 2 kmÁh 21 until exhaustion as the best approach to determine the individual anaerobic threshold (IAT). According to Chicharro et al. (12, 13) , the heart rate (HR) and the maximum oxygen uptake stabilize within this 3-minute time frame.
Respiratory data were recorded using a CardioO 2 & CPX/D gas analyzer (Medgraphics, St. Paul, MN, USA). The oxygen analyzer was zirconium, whereas the carbon dioxide analyzer was infrared. The ventilation was measured with a Hans-Rudolph mask, fitted with a Pittot pneumotachograph, calibrated before and after each test. The average of all the values was measured breath by breath, and calculated each 30 seconds. The peak value was the highest of all the averages obtained. Continuous electrocardiogram analyses were carried out to advise one of any variations in the cardiac rhythm and to measure the subjects' HR. Blood pressure was also measured with a precision mercury sphygmomanometer.
Blood lactate was analyzed using an Accusport (Boehringer, Biberach, Germany) machine (16). Gullstrand et al. (26) investigated whether lactate concentrations in blood obtained from an incremental test on a treadmill vary when the blood sample is extracted during a 30-second pause between effort steps or if the subject does not stop. His results showed that no step of the test yielded statistically significant differences between the average lactate values in capillary blood or in HR. In addition, Beneke et al. (4) investigated whether the interruptions needed to get blood samples during a constant effort test had any impact on the lactate concentrations in blood, on the maximum lactate steady state, on the effort in the maximum lactate steady state, or on the relative work intensity in the maximum lactate steady state. He found that such interruptions of the workload (30 and 90 seconds) lead to a decrease in the lactate value in blood only after a 30-minute work period. None of our laboratory tests lasted more than 30 minutes. Therefore, the pauses required to collect blood samples did not affect lactate concentration.
The following parameters were evaluated: maximum heart rate (HRmax), HR at the anaerobic threshold (HR threshold), percentage of threshold HR with respect to the maximum (HR threshold %), maximum oxygen uptake ( _ VO 2 max) measured in mlÁkg 21 Ámin 21 , concentrations of basal blood lactic acid at the end of each effort stage and 3 minutes after the conclusion of the test (mmolÁL 21 ), lactate maximum (mmolÁL 21 ), and maximum speed attained by the subjects on the treadmill (kmÁh 21 ). The criterion employed to determine the realization of the maximum effort was as follows: respiratory quotient (RQ) $ 1 and HR $ 85% of the theoretical value. Franklin's (23) and Gibbons' (24) criteria were applied to finish the test.
As explained earlier, the laboratory test follows an SPMI protocol, just as the field test does, too. The idea behind carrying out a laboratory test using standard technology, under standard conditions, and following internationally accepted scientific protocols as reference to determine whether the information gathered from the field test was valid is based on the comparison of physiological parameters, not on the comparison of protocols. Thus, the subjects performed a field test, and to find out whether these physiological data are valid, the results were compared to those obtained from an equivalent laboratory test. This way, the results of the laboratory test serve as a reference for the field test, because they are representative of the subject's physical response.
Field Test. Our field test was based on an in-depth study of the scientific literature published so far on judo combats, and we tried to keep it is as close as possible to real competition. Therefore, all field tests were performed in the tatami (competition judo floor) set in the gymnasium of the Sports Science Department of the University of Oviedo. The temperature was kept at 17°C, and atmospheric pressure varied between 730 and 740 mmHg. To carry out the test, 2 judokas were required: the subject and a supporting partner. To replicate the environment of a real competition, both judokas belonged to the same weight category and were dressed in judo suits (judogui), too.
During the test, each subject had to perform several sequences of 3 specific technical skills. These were the ones that the judoka uses more during competition, the ones that he performs best (in judo this is called tokui-waza or special techniques). Each sequence had 2 phases: The first one was active and progressively sequential, whereas the second one was passive:
(a) Active phase: the judoka had to perform a specific technical skill without bringing the opponent to the floor. This lasted 40 seconds. The dependent variable was the number of repetitions carried out by the subject, which produced a progressive increase in the intensity of the process. During the test, 3 different technical skills were performed in successive sequences. In the first one, the subject raised his partner from the floor. In the second one, he unbalanced his opponent completely. Finally, in the third one, the subject chose to lift the opponent or unbalance him completely. Thus, we created a format that was repeated throughout the whole test: technique 1 performed in the first 40-second phase, technique 2 in the second 40-second phase, and technique 3 in the third 40-second phase. The next cycle started again with the first technique and continued with the same sequence until exhaustion. (b) Passive phase: the judoka and his supporting partner, grabbing each other with their hands, had to move from one side of the tatami to the other. This activity tried to represent the movements that occur in real combats. It lasted 15 seconds. This second phase took place right after every active phase (40 seconds) and gave the test its intermittent character, a key element in judo training and combat. The progressiveness of the test was based on the increase of 1 repetition on each new 40-second series. The first active phase started with 7 repetitions. Thus, the first series consists of 7 repetitions, the second of 8, the third of 9, and so on, until exhaustion prevented the judoka from executing the specific technical skill with the required quality. This meant that he was not able to raise his partner from the floor, throw him off balance and/or complete the correct number of repetitions in 40 seconds.
The regular (not irregular) character of the test (as in competition) is because most studies refer to intervals of a regular character to detail work time and pause time during combats (20, 21, 28, 32, 34, 40) .
The reason for dividing the field test into 2 phases (effort and pause) was based on the irregularly intermittency of judo competition as described by Franchini (21) . Favre-Juvin (20) reported effort times of 20 to 40 seconds with interruptions from 10 to 20 seconds. Gorostiaga (25) affirmed that the pause phases ranged from 3 seconds to 1 minute 58 seconds, with the most frequent values being located between 7 and 15 seconds. In the light of all these data, we estimated that the best rate of activity and pause was 40 and 15 seconds, respectively. Our goal was to match, as closely as possible, the effort in competition.
Regarding the 3 special techniques that the judoka must perform during the test, always in the same sequence, we must clarify that each judoka has his own ''judo,'' expressed through the 3 or 4 techniques that he has mastered and always uses in competition. For the test to yield specific and individual bioenergetic data, the judoka must perform his own judo through his special techniques. This way, the test is adapted to each judoka's characteristics, and it can thus show a truly individual and specific anaerobic threshold. Previous studies (6, 7, 27, 40) have revealed that Olympic and world champions use an average of 6 standing judo techniques. According to Sterkowicz and Maslej (45) and Franchini (21) , this shows that, despite the existence of 100 internationally recognized techniques, the best judokas use just a few. Nevertheless, although performing the special techniques, all subjects had to raise his opponent from the floor or completely unbalance him. Through this procedure, we tried to give the test a common protocol and make the test applicable to any judoka.
To produce a real effort, the judoka had to perform the technique as if he or she was in a competition. To assure that this requirement was met, he had to raise the other judoka from the floor on each repetition. In those techniques in which the opponent cannot be lifted, the criterion is manifested through the complete unbalancing of the opponent. Therefore, the judoka who suffered the actions had to grab *HRmax = maximum heart rate; HR threshold = heart rate in the anaerobic threshold; HR threshold % = anaerobic threshold with respect to the maximum heart rate; Lactate max = maximum lactic acid concentration; Lactate threshold = lactate in the anaerobic threshold; _ VO 2 max = maximum consumption of oxygen in relative terms.
the one who is doing the test to prevent himself from falling to the floor. This way, the specificity of the test was ensured. The inclusion in the field test of periods of movement of the judokas (passive phase) is because of the fact that during a judo combat they move constantly from one side to the other of the tatami. This constitutes a frequent maneuver in competition. Its inclusion gives the field test its intermittent character, characteristic of the judo effort (20, 21, 32, 39, 46) .
During the field test, the judokas wore a _ VO 2 2000 portable gas analyzer (Med Graphics, St. Paul, MN, USA). The dimensions of this system were as follows: length 11 cm, width 14 cm, and thickness 6.5 cm. Its weight was 1,200 g. It was calibrated before and after each test with Aerograph software (Windows 95 and 98 compatible). The ergospirometric parameters studied were oxygen uptake, carbon dioxide production, ventilation, and respiratory coefficient. The HR was continuously recorded by means of a heart rhythm monitor (Polar S810, OY, Oulu, Finland), and it was digitalized using a Digital Wireless Industrial Transceiver (model Wit 2410 E, 2.4 GHz). Throughout the test, microsamples of arterialized blood were obtained from perforation of the earlobe to determine the blood concentrations of lactic acid. The samples were taken before the test (basal sample), when the ventilation threshold was being reached (as determined from the data obtained in real time from the portable gas analyzer), and 5 minutes after the end of the test. The test was considered finished when the athletes could no longer meet the previously indicated quality requirements. The blood lactate was analyzed with the same equipment and procedure used in the laboratory tests. To verify the validity of our proposal, the same parameters were studied in the field and laboratory tests.
Reliability of the Field Test. Because our field test was completely new, there was a need to find out if this test could be applied several times, generating valid results on each one of its applications. According to Ló pez Chicharro et al. (30) , the concept of reliability of a test refers to the capacity of a test to be repeated (under the very same conditions), yielding the same data in each interaction. All 8 judokas repeated the field test after 7 consecutive days and under the same conditions: place, time, rest periods, etc. to verify its reliability ( Table 2) . *HRmax = maximum heart rate; HR threshold = heart rate in the anaerobic threshold; HR threshold % = anaerobic threshold with respect to the maximum heart rate; Lactate max = maximum lactic acid concentration; Lactate threshold = lactate in the anaerobic threshold; _ VO 2 max = maximum consumption of oxygen in relative terms. Figures 1 and 2 . Individual anaerobic threshold of case number 8 in laboratory (1) and in the field test (2) obtained from Keul's methodology (11, 29, 30, 42, 43, 50, 51) . The heart rate corresponding to the dot cut heart rate by a tangent on the lactate curve with an angle of 51°, represents the individual anaerobic threshold (IAT).
Determination of the Anaerobic Threshold. On both tests (laboratory and field), we determined each subject's IAT using Keul's methodology (11, 29, 30, 42, 43, 50, 51) . This author considers that the workload, the _ VO 2 or the treadmill velocity corresponding to the point cut by a tangent on the lactate curve with an angle of 51°represents the IAT of the subject.
Statistical Analyses
The statistical analyses were carried out using the SPSS 12.0 program for Windows, applying the Student T-test, and considering the minimum level of significance as p # 0.05. This procedure was used because it is considered valid to compare different performances of the same subjects (33) . To verify whether the differences between the mean data of laboratory and field tests were statistically significant, and the data obtained to show the reproducibility of the field test, we carried out the statistical t-test, also known as Student's t-test.
RESULTS
The anthropometrics values (age, weight, and height) of the subjects were 23.8 6 3.1 years, 73.8 6 14 kg, and 174.6 6 6.2 cm. Table 1 shows the application of the statistical t-test to the means of the values obtained in the 2 tests: Laboratory and Field.
Results showed that the differences between the main data in both tests were not statistically patent in any of the parameters studied, except in the maximum concentration of lactic acid. Table 2 shows the results obtained in the reproducibility (reliability) study of the Field test:
There were almost no differences between the data obtained in the first and the second field tests (7 days later), both were performed under the same conditions. Figures 1 and 2 show the IAT results of the subject number 8 in the laboratory test (Figure 1 ) and in the field test ( Figure 2 ) obtained with Keul's methodology (11, 29, 30, 42, 43, 50, 51) . The HR frequency correspondent to the point cut by the tangent on the lactate curve with a 51°a ngulation represents the IAT. 
DISCUSSION
This research project has developed a specific judo field test (Santos test) that shows the physiological demands of judo combat. It is performed in the tatami (competition floor) with the help of a second judoka, both dressed in the judogui (competition clothes). The subject under evaluation had to perform a series of specific technical skills. The intermittency of effort in judo combat was perfectly considered through the protocol of the test, which had a work pause of 40-15 seconds. Finally, the aerobic-anaerobic transition zone, a key parameter to improve aerobic power and capacity, can also be determined through this test.
Several judo physiological parameters have been obtained through laboratory and field tests. In the laboratory test, our judoka population achieved _ VO 2 max values of 58.3 mlÁkg 21 Ámin
21
(see Table 1 ). The existing literature (8, 9, 19, 20, 44, 48) shows values of 59.2, 53.2, 59, and 58.5 mlÁkg 21 Ámin 21 in high-level judokas. These results confirm that our subjects have _ VO 2 max levels similar to those of the elite. Furthermore, there were no significant differences between laboratory and field tests in _ VO 2 max (see Table 1 ). On the other hand, our group of judokas showed a mean maximum HR of 198.2 bÁmin 21 in the laboratory test (see Table 1 ). Thomas et al. (48) recorded a maximum value of 191 bÁmin 21 at the end of a treadmill running test in judokas of the Canadian men's senior national team. In the field test, a maximum value of 199.7 bÁmin 21 was recorded (see Table 1 ), similar to the values obtained by previous Figures 3 and 4 . Judo test of case numbers 8 and 1. On the graphics, the heart rate (in pulsations per minute) is related to the phase of the test (with the number of times that has to be repeated in each of them).
researchers. Sanchis et al. (35) recorded a mean HR of 198 bÁmin
21 in a competition among regional-level judokas. We obtained analogue values in our research project, because there were no significant differences between the mean HRmax data obtained in the laboratory and in the field test, which allows us to affirm that, in both, cases the judokas effort was maximal.
Regarding the highest values of lactic acid, the mean obtained was 14.6 mmolÁL 21 in the laboratory test (see Table  1 ). Thomas . At maximal efforts, we found higher levels of lactic acid in the field test than in the laboratory test. This is possible because of the greater muscular involvement required in the field test. Judo combat requires the implication of a greater number of muscles than running does. In a race, the main muscular groups involved are the leg muscles, whereas judo requires the collaboration of almost every muscle of the body. Hence, more muscular groups involved could mean higher production of lactic acid. Therefore, there were statistical differences between the results obtained in the laboratory test and the ones obtained in the field test (see Table 1 ).
The absence of significant differences in these 2 parameters ( _ VO 2 max and HRmax), key elements in any effort test, allows us to affirm that the judokas have carried out a maximum effort performance on the laboratory and the field tests. Therefore, the HR obtained from the athletes at the end of both tests may be considered their HRmax.
Usually, judokas undergoing laboratory tests (44) manifest their IAT: a 4 mmolÁL 21 lactate concentration running between 9 and 13 kmÁh 21 (depending on the physical condition of the athlete). Our mean data were 170.3 bÁmin
21
, which is equivalent to 85.9% of HRmax (Table 1) . We do not know of any published study in international journals that has attempted to determine, outside the laboratory, the individual anaerobic level in the sport of judo. In our field test, all judokas manifested their IAT between 11 and 15 repetitions (depending on the physical condition of the subject), with an HR of 169.7 bÁmin 21 , which is equivalent to 85.0% of HRmax (Table 1) . Therefore, no significant differences were observed between the values obtained in the laboratory and in the field test (see Table 1 ).
Regarding the cardiac response to a progressive effort, our field test also fulfills the requirement of Conconi (a break-off in the ascendant regularity of effort means the beginning of the aerobic-anaerobic transition zone of the subject under assessment) (15) . Therefore, a coach will be able to determine the specific and individual aerobic-anaerobic transition zone of his judokas applying our field test and using a heart-rate meter (a simple and noninvasive method). Moreover, our test can be considered specific and individual because (a) It is based on the use of the specific technical skills of the judoka. (b) Effort and pause times match those indicated by previous researchers (20, 25) . (c) Data obtained in our study are similar to data obtained by previous researchers (9, 18, 19, 27, 35, 37, 45, 46, 48) . (d) Laboratory data and field test data are similar (Table 1) . (e) The specific test follows the reliability principle (Table 2) .
Regarding the protocol used in the investigation, we want to emphasize that the test cannot begin until the judoka's HR is lower than 80-85 bÁmin 21 . Sometimes, evaluation context raises the HR to more than a 100 bÁmin 21 , which causes error data to be registered. At the end of each 40-second phase of effort, the HR of the judoka must be registered. Therefore, at the end of the test, the coach will have a number of records that will reflect an upward curve. According to Conconi et al. (15) , a break-off in the ascendant regularity of effort means the beginning of the aerobic-anaerobic transition zone of the subject under assessment. This way, a coach has objective information (HR) to develop aerobic and/or anaerobic specific training protocols, to add to the technical/tactical work in judo.
In addition, after each 40-second phase of effort, during the short phase of pause (15 seconds), the lactic acid concentration can be assessed taking of a small arterialized blood sample from the earlobe. There is plenty of time to proceed successfully, and the test will go on without any disturbance. The lactic acid data will be registered next to the correspondent HR data. This way, the coach will have more objective data to prescribe specific and individual training tasks to improve the judoka's performance.
Another important element is to let the judoka under assessment continue performing the test until he reaches his individual limits. The aerobic-anaerobic transition zone will show the point before the subject reaches his maximum capacity, but if we let the judoka keep on performing the specific technical skill, we could see how the tiredness affects the quality of his technical actions and his capacity to confront suffering. This is very important in judo competition, because all combats have an emotional and affective load. Repeating the test along the training process will allow the coach to compare all this information and improve the judoka's performance.
We would like to emphasize the fact that the judo athlete under assessment must perform all the technical actions with the highest technical quality. He should try to throw his opponent on the floor, as in competition. This is a specific test for judo, and the subject must do judo. This way, the data obtained will be specific, individual, and reliable. Furthermore, our test has been designed to set several physiological parameters of the judoka's performance, so it must be used with active judo athlete competitors. It has been developed to be tested on men judo athletes belonging to any of the weight categories that the judo international federation certifies as official. It can be applied to all kinds of judokas, not just highlevel ones. At the same time, the test can be used at any stage of the training program of the judo athlete. Moreover, it will help coaches evaluate the judoka's physical condition development to maintain or modify training protocols. The aerobic-anaerobic transition zone is one of the most important parameters of judo competition, and its assessment can benefit any sportsman. The overall information will help the coach find out if the workout done by the athletes is yielding the desired results.
In light of all the ideas that have emerged in the text, we can draw the following conclusions: (a) The _ VO 2 max of our judokas is very close to 60 mlÁkg 21 Ámin 21 (58.3 in the laboratory test and 59.8 in the field test). These data indicate that this sporting discipline, at the level of performance of these athletes, requires a significant aerobic capacity. (b) The HR values reached very high values (laboratory and field results), which indicates that the subjects performed a maximum effort during both tests. (c) The HR and the concentration of lactic acid in IAT, _ VO 2 max, and HRmax show no significant differences between the field test and the one carried out in standard conditions in the laboratory. These data, the specificity of the technical actions, and the length of the effort-pause stages suggest that the protocol developed can be used in the evaluation of the physical condition of judokas and in the selection of training tasks for the sport of judo. (d) The data obtained allow coaches to work with just one physiological variable, the HR, to control the intensity of an exercise. It does not require costly and sophisticated technology or invasive methodologies. Therefore, it could be used by coaches and/or clubs with limited resources.
In addition, we want to highlight the following points: (a) This study is the first step to validate a specific test to evaluate and control specific bioenergetic training in judo. We are aware that it is necessary to evaluate a population greater than the one used in the present study. Nevertheless, a comparison of the data obtained in the laboratory test (validated and recognized internationally) and obtained in our field test allows us to affirm that we are going in the right direction. (b) Our specific test collects the most important variables involved in competition and, at the same time, shows the different relationships that exist among them during combat. Therefore, it represents the reality of judo competition.
PRACTICAL APPLICATIONS
Our field test allows coaches to design training protocols toward the improvement of the aerobic and anaerobic systems of their judokas. It also allows the mixture of technical-tactical and physical aspects of the training process. Our test is carried out on the tatami (where the judo combat takes place), and it does not require expensive equipment or expert physiological knowledge. Therefore, this tool can help judokas improve their performance in competition.
Our research project is important for daily training. Based on the results of the test, coaches can select the correct tasks to achieve their goals. Parameters such as intensity, HR, lactic acid concentration, number of repetition.. can be used for training control and assessment. For example, if the coach knows when a judoka reaches his aerobic-anaerobic transition zone (using the HR, the lactic acid concentration of the test, and the number of repetitions that the athletes must perform in a certain phase), he will be able to control de intensity of the workout just by tracking the number of repetitions performed by the judoka in an exercise. Moreover, the coach will be able to control the effects of different training periods through this simple procedure, and decide what to do next, but scientifically based.
If a coach wants to use this specific test, he or she must follow its phases and use these resources: 2 judo athletes dressed on their judogui (one to be evaluated and the other one to collaborate on the test), a judo tatami, a data record table with the sequence of special techniques of the judoka to asses (technical action in the first phase, second phase, third phase, etc.), a chronometer, an HR monitor, and a section to record the HR.
